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© Interfacing device for a computer ganfies system. 



© An interfacing device for connecting the processing unit of a computer games system to an external data 
storage medium has a user-operable selection unit for generating a user-selected address and user-selected 
data. The user-operable selection unit may comprise user-operable switches or electronic latches that are set by 
a program in response to selections made by the user by means of a joystick, keypad or any other input device. 
An address comparison unit compares the user-selected address with the addresses from the processing unit, 
and a data switching device causes the user-selected data to be substituted for data in the storage medium 
whenever the compared addresses are the same. Instead of a user-operable selection unit, preselected 
addresses and preselected data may be stored in a ROM. which in one embodiment changes the/ way the 
corrputer interprets external memory and in another changes the computer's internal memory itself. 
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INTERFACING DEVICE FOR A COMPUTER GAMES SYSTEM 

This invention relates to computer games systems and it relates particularly to an interfacing device for 
modifying the manner in which a computer game is played. 

A conventional computer games system typically includes a computer containing the main processing 
unit, a visual display unit (VDU) on which a game is displayed and which may constitute a part of trie 
5 computer, some form of interactive unit (e.g. a keyboard or a joystick), enabling a player or players to react 
to and influence events during the course of a game, and an external data storage medium (e.g. a cartridge) 
that can be plugged into or otherwise connected to the main processing unit and contains data defining the 
characteristics (e.g. the rules) of the particular game being played. 

In general terms, the main processing unit is programmed to address different storage locations in the 
JO external data storage medium, whereby to access the stored data as it is needed. 

To that end. the mam processing unit generates an address identifying a resoective storage location in 
the storage medium, and this address is routed to the storage medium on an address bus. When the stored 
data is required, the processing unit sends a request signal to the storage medium, whereupon the data in 
the addressed storage location is accessed, ana then routed to the processing unit on a data bus. 
/5 The data stored in an external data storage medium determines the characteristics of the game stored 
therein and would typically define such game parameters as the numoer of playing units (e.g. cars, planes. . 
etc.). the number of lives ascribed to individual players, the duration of particular events, time limits and 
speed settings, colour and so on. 

Generally, computer games require the players to complete various tasks (e.g. to complete a fixed 
20 num.ber of laps of a track), and failure to complete a task satisfactory results in some cases in the 
elimination of a player from the game. In many games, the players may be ascnbed more than one "life" 
and this can affect the difficulty, or ease, wtth which the game is played. 

With existing systems, the characteristics of a game, and in particular its degree of difficulty, are to a 
large extent predetermined by the data stored in the external data storage medium. Consequently, existing 
25 computer games tend to lose their appeal and present less of a challenge to the player the more times they 
are played that is to say the games have limited "piayability". 

It is an object of the present invention to alleviate the aforementioned shortcomings of existing 
computer games systems that use an external data storage medium such as a cartridge with a read-only 
memory (ROfvi) and the like. 
30 Another object of the invention is to provide an interfacing device for connecting a processing unit of a 
computer games system to an external data storage medium, the interfacing device being capable of 
operating in various ways, either user-selected or preset, for modifying the rules of the game, thereby 
enhancing the piayability of the game. 

According to the invention there is provided an interfacing device for connecting the processing unit of 
35 a computer games system to an external data storage medium so as to enable the processing unit to 
address, and receive data from, different storage locations in the external data storage medium, the 
interfacing device comprising means responsive to the processing unit for recognition of a selected address 
and means for modification of data processed by the processing unit in response to said recognition. 

With an interfacing device constructed in accordance with the invention, the user has the capability to 
40 substitute his own. user-generated data for that which would otherwise be supplied to the processing unit by 
the external data storage medium, and in this way the user can control and radically change the parameters 
of the game normally defined by the data stored in the external data storage medium and thereby enhance 
the "piayability" of the game. 

In a particular embodiment of the invention, the modifying means comprises user-operable means for 
generating a first signal and a second signal representing the selected address and user-selected data 
respectively, means for comparing the selected address represented by the first signal wiin an address 
from the processing unit, and means for supplying the user-selected data to the processing unit in 
substitution for the data in the adoressed storage location of the external data storage medium if the 
compared addresses are the same. 

The supplying means may be a semiconductor switching device responsive to an output from the 
comparing means. 

In accordance with another aspect of the invention, there is provided a computer games system 
comprising a mam processing unit, an external data storage medium and an mterfacmg device, m 
accordance witn the first aspect of the mvention. for interconnecting the mam processing unit and the 
external data storage medium. 
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According to a yet further aspect of the invention, there is provided a method of playing a computer 
game using a computer games system having a processing unit and an external data storage medium, 
including the steps of comparing an address from the processing unit with a selected address and 
modifying data supplied to the processing unit whenever the compared addresses are the same. 
5 In accordance with another aspect of the invention, the modifying of the data takes place only if the 
data from the external data storage medium matches data set by user-operable input means (which may be 
switches, keypad, joystick, etc.). In other words, the data is modified only if it is what the interface expects 
to find there. Some large programs have "bank switching", which means that several banks of data are 
stored at each address. This "data compare"* feature of the invention ensures that only data at the correct 
10 address and the correct bank is modified. 

Interfacing devices embodying the present invention are now described, by way of example only, with 
reference to the accompanying drawings, in whlch:- 

Figures la. lb and lc are respectively top plan, side and perspective views of an interfacing device 
in accordance with the invention: 
'5 Figure 2 is a block diagram of circuitry used in the interfacing device of Figures la. lb and ic; 

Figure 3 shows the circuitry of Figure 2 in more detail: 

Figures 4a. 4b and 4c are respectively lop plan, side and perspective views of another interfacing 
device in accordance with the invention; 

Figure 5 is a block diagram of circuitry used in the interfacing device of Figure 4; 
20 Figure 6 is a block diagram of an alternative embodiment of the invention: 

Figures 7a. 7b and 7c are respectively top plan, side and perspective views of another embodiment 
of an interfacing device according to the invention: 

Figure 7d is a perspective view showing an embodiment of the present invention just prior to its 
connection to a game cartridge: 
25 Figure 7e is a perspective view showing apparatus in accordance with the invention after it has been 

connected with a game cartridge to form an assembly: 

Figure 7f is a perspective view showing the assembly of Figure 7e just prior to insertion in a games 
machine: 

Figure 7g is a side elevation showing the apparatus after the insertion of the assembly of Figure 7e in 
30 a games machine: 

Figures 8a and 8b collectively form a block diagram of circuitry used in the interfacing device of 
Figures 7a. 7b and 7c: 

Figure 8c is a more detailed block diagram of a portion of the circuitry of Figure 8a: and 
Figure 9a shows a block circuit diagram of a graphics generating arrangement and Figures 9b and 9c 
35 represent graphics data generated by the arrangement of Figure 9a: 

Figures 10a. 10b and lOc when taken together form a flow chart showing the operation of the 
circuitry of Figures 8a to 8c. 

The interfacing device, shown generally in Figures la. lb and lc. comprises a shallow case 1 of which 
one end 2 is intended to fit into a receiving port of a computer games console such as the welt-known 
40 Nintendo console and the opposite end 3 is intended to receive an external data storage medium 
(hereinafter referred to as an external memory), such as a cartridge having a read-only memory (ROIVI). 

The case contains a printed circuit board 4 that carries interfacing circuitry, the board 4 being provided 
at each end thereof with suitable end connectors enabling the interfacing circuit to deiachabiy interconnect 
the main processing unit of the games console and the external memory. 
4s As will become clear hereinafter, in this embodiment of the invention user-adjustable switches 5. set 
into the upper wall 6 of case l may be utilised to modify the manner in which a game stored in the memory 
is played. In the illustrated example, six l6-position rotary switches are provided. 

As Figure 2 shows, the interfacing circuitry comprises a main address bus 1 1 for interconnecting the 
address bus n of the main processing unit and the address bus ll" of the external memory, whereby 
50 addresses can pass from the main processing unit to the memory. 

Similarly, the interfacing circuit has a main data bus 12 which interconnects the data bus 12 of the 
main processing unit and the data bus 12' of the external memory, whereby data can pass from the 
external memory to the main processing unit in response to received addresses, provided such data has 
not been blocked by circuitry (to be described) in the interfacing device. 
55 The interfacing device has a user-operable selection unit 13 by which the user can generate a user- 
selectable address (A„) and user-selectable data (Oj. The user-selectable address (A„) is routed on a 
subsidiary address bus 14 to one input I- of an address ccnparison circuit 15. and the user-selectable data 
(Du) is routed on a subsidiary data bus 1 6 to an input of a data switching device 17. As Figure 2 shows. 
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addresses on the main address bus n (which are. of course, generated in the main processing unit) are 
routed to a second input h of the address companson circuit 15 for- comparison with the user-selectable 
address (Aj at the first input li . 

If the compared addresses are different, data from the memory is routed, via the switching device 17 
onto the mam data bus 12 lor onward transmission to the main processing unit. 

If. however, the compared addresses are the same, the address comparison circuit 15 generates an 
actuation signal on line L causing the data switching device 17 to change its switching condition, blocking 
the transmission of data from the external memory and routing the user-selected data D« onto the main data 
bus 12 for onward transmission to the main processing unit. 

By this means, the user-selected data generated by selection unit 13 is substituted for data from the 
respective storage location of the external memory upon recognition of an address selected by the user. 
This substitution may be illustrated by the following simple example. 

It will be assumed that the user has set the user-selectable address A, at a value 1002 (which location 
contains 'V**) and the user-selectable data D, at a value "3*V In fact, as will be described hereinafter, the 
/5 seieciea aadress and aata are normally encoaea m accordance with the hexadecimal coding format, though 
of course this is not a requirement. 

If the current address (rom the processing unit is lOOl. say. it would not be recognised by the address 
companson circuit 15 and so the data held in the addressed storage location of the external memory (i e 
that corresponding to address lOOl) is routed to the mam processing unit on the mam data bus 12. The 
20 stored data supplied to the processing unit in mis way mignt have me value "9". say. different from me 
value of the user-selected data. 

If. on the omer hand, the current address from me processing unit ts the same as mat selected by me 
user, men the user-selected data, having the value is supplied to me processing unit in substitution for 
the data stored in the addressed storage location of the external memory. 

The alternative data values ("3" and 'V") may represent me number of lives ascribed to a player and 
so. by changing the value from (me value stored in the external memory) to a different value ("3" m mis 
example), the user has me capability to modify (increase in this example) the difficulty of me game to a 
desired extent. 

Figure 3 shows the interfacing circuit in somewhat more detail. The main adoress and data buses, 
which interconnect the mam processing unit and me external memory, are agam referenced at 11 and 12 
respectively, and a data request bus is also shown at 18. 

The user-controllable selection unit 13 comprises two banks 21.22 of user-selectable switches, one 21 

of me banks comprising switches Ao A 14, for setting the user-selectable address A.,, and me other 22 of 

the banks comprising switches Do 07 for setting the user-selectable data D^,. 

The switching arrangement shown is appropriate to generate binary address and data signals encoded 
in accordance with the hexadecimal coding format and can in practice be embodied as respectively four 
and two 16-positton rotary, or alternatively configured, switches. Alternatively, a pre-set plug-in pin 
connection package could be used instead of an arrangement of switches. 

The user-selectable address and data signals could alternatively be held in latches. In mis case many 
types of data entry system (e.g. keypad, voice input) can be used to set the latches. 

The data switching device 17. comprises three identical integrated-circuit data switches 23(1). 23(2). 23- 
(3) (Ref.No. 74HC4053P) which are connected, as shown, to the external memory and to me bank of 
switches 22 by the main and subsidiary data buses 12 and 16. respectively. 

The address companson circuit 15 compnses two identical integrated circuits 24(l).24(2) (Ref. No: 
74LS684N) that are connected, as shown, to the main processing unit and the bank of switches 2l by the 
mam and subsidiary, address buses 11.14 respectively, and an integrated OR gate 25 (Ref. No: 74LS32) is 
provided to effect a change in the switching condition of the device 17 in response to recognition by me 
address comparison circuit 15 of an address selected by the user. 

While the described embodiment enables recognition of a single address and substitution of data 
corresponding thereto, the invention also emoraces recognition of two or more different addresses and 
substitution of the respective data corresponding thereto. 

In another embodiment of the invention, shown in Figures 4 and 5. the interfacing device utilises 
preselected addresses and preselected data. 

The embodiment shown in Figures 4 and 5 is similar to that shown in Figures i to 3. and common 
components are given like reference numerals. 

However, in this embodiment, the user operable switch (shown at 13 Figures 2 and 3) is replaced by an 
internal memory in the form of a read only memory (ROfvl) 40. 

The subsidiary address bus 14 connects the address output of the ROM 40 to a 24-bit address 
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comparison circuit 15 via two address latches 41 and 42 that are connected in parallel, and the subsidiary 
data bus 16 connects the data output fronr^ the ROM 40 to the input of an 8-bit buffer 43 via a further latch 
44. The output of buffer 43 is connected to the main data bus 12. which, as shown, also incorporates an 8- 
bit buffer 45. 

Both buffers 43 and 45 are controlled by an address comparison signal L generated by the address 
comparison circuit 15. whereby data is selectively routed to the processing unit either on the main data bus 
12 or on the subsidiary data bus 16. depending on the result of a comparison carried out in the address 
comparison circuit. 

Latches 41 and 42 are set to hold the high and low bytes respectively of a preselected, two-byte (16- 
bit) address Ap transmitted thereto from ROM 40 over the subsidiary address bus 14. 

Similarly, the latch 44 is set to hold pre-selected data Dg (corresponding to the preselected address Ap 
in latches 41 and 42) transmitted thereto from the ROM 40 over the sutpsidiary data bus 16. 

The preselected address Ap held in latches 41 and 42 is compared with current addresses transmitted 
from the processing unit over the main address bus 1 1 . 

If the compared addresses are different, the address comparison signal L goes high, thereby maintain- 
ing buffer 43 {which is supplied via an inverter 43a) closed and buffer 45 (which is supplied via a logical 
AND gate 46) open and allowing data to pass directly from the external metnory to the processing unit over 
the main data bus 12. 

However, if the compared addresses are the same, the address comparison signal L goes low. thereby 
maintaintng buffer 43 open and buffer 45 closed and enabling the preselected data Dp held in latch 44 to 
pass to the processing unit in substitution for the data in the external memcy. 

In this embodiment, the interfacing device has the caoabiiity to modify data received from any one of a 
range of different external data storage media (containing different computer games) that can be plugged 
into the device. 

To that end. the ROM 40 stores a plurality of different preselected addresses tcgether with a 
corresponding plurality of different preselected data, and each preselected address is utilised in conjunction 
with the corresponding preselected data to modify the data from a respective external memory. 

Clearly, in order to access the correct preselected address (and data) to the latches, to enable address 
comparison and (possible) data substitution to take place, the interfacing device must be capable of 
identifying which external memory has been plugged into its receiving port. 

To that end. additional control circuitry is provided that, in effect, enables the interfacing device to 
interrogate two data bytes of the external memory. 

These data bytes carry sufficient information to unambiguously identify the external memory and 
thereby enable the correct preselected address and the corresponding preselected data, to be accessed to 
latches 41. 42 and 44 to facilitate the desired data substitution, as described hereinbefore. 

The identification procedure is controlled by means of a controller 50 which is clocked by a counter 51 
operating in conjunction with a clock circuit 52 and a "power-on'* timing circuit 53. 

When the external memory is first plugged into the interfacing device and power is supplied to the 
processing unit, the counter 51 is initialised and the external memory is isolated from the processing unit 
(by setting input A of the AND gate 46 low). 

The controller 50 then transmits successive control signals to the ROf^ 40 on a control bus 54. causing 
the high and low bytes of the first address stored in the ROM 40 (corresponding to the first data byte for 
identification in the external memory) to be routed to latches 55 and 56 respectively. In this way. latches 55 
and 56. which are connected to the external memory via the main address bus 12. are set to hold the first 
address (corresponding to the first data byte in the external memory). In response to thiS address, the first 
data byte is transferred from the external memory to an encoder 57 (the mam data bus 12 being blocked by 
buffer 46). where it is latched. This procedure is repeated for the second data byte for identification in the 
external memory, which is also transferred to. and latched in. the encoder 57. 

The encoder 57 then performs preset. logical operations on the first and second latched data bytes and 
generates an output that uniquely identifies the external memory. This output is held in a ROM latch 58 
(which had previously held a zero data field), and the encoder 57 is then disabled. The controller 57 selects 
from the ROM 40 the pre-selected address (and the preselected data) appropriate for the external memory 
represented by the output held in ROM latch 58 and causes the high and low bytes of this preselected 
address to be transferred to latches 41 and 42 respectively and the required preselected data to be 
transferred to latch 44. 

As described hereinbefore, the address comparison circuit 15 compares the latched, preselected 
address with the current addresses from the processing unit. However, the address comparison circuit 15 
also compares current data transmitted from the external memory over the main data bus with data held in 
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a fourth latch 47. The latched data {which is also derived from ROM 40) is chosen to be the same as the 
data (from the external memory) which is to De replaced by the preselected data held in latch 44. This 
additional comparison ensures substitution of the correct data and prevents errors which could arise as a 
result of an ambiguity in the process of comparing addresses. 
5 The ROM 40 may have a number of different data banks, and so the data and address associated with 
each external memory may have a number of alternative values. In these circumstances, a user-operable 
switch 59 may be provided, enabling the user to select a desired data bank from the ROf^ 40 and thereby 
select a desired effect, e.g. a desired degree of difficulty (hard, medium or easy, say) with which the game 
is to be played. 

ro In the described embodiment, each preselected address is allocated to a respective external memory. 
Alternatively, however, more than one of the preselected addresses could be allocated to the same externa! 
memory, thereby enabling more than one aspect of a game to be changed. 

In another embodiment of the invention, illustrated in Figure 6, an interfacing device for a computer 
games machine connects to the external program cartridge, and the computer games machine allows the 
/5 program cartridge to function normally except for one or more modifications performed by the interface. 

These modifications affect one or more aspects of the game and can be' either user-selectable or preset 
in the interface. 

In this respect, the embodiment of Figure 6 is the same as the other embodiments. 

However, in the embodiment of Figure 6. the interface allows the program to execute normally but 

20 interrupts the processor at a particular point or points (user-selectable or preset) in the program. When this 
interrupt occurs, the game is temporarily suspended while the interface banks its own ROM into the 
processor's memory and executes a piece of code. This code is such that a modification is effected on the 
games computer's internal memory. This interface then banks its own ROM out and allows the computer to 
continue executing the game as if nothing had happened. 

25 This process allows a user or a preset ROM to change many of the variables that control aspects of a 
game, modifying the game in countless different ways. 

The effect of this is very similar to the effect of the previous embodiments. The manner of operation is. 
however, different. Instead of changing the way the computer interprets or accesses external memory, this 
method changes the computer's internal memory itself in such a way that very similar results can be 

30 achieved: e.g.. extra lives, skipped levels, increased or decreased car speed etc. 

Conventional devices that interrupt a program perform a designated function and then pass control back 
to original program. The purpose is normally to perform additional tasks rather than to change the way the 
existing program works. Also, the conventional devices are normally "stand-alone units" that do the same 
thing regardless of the program that is running. In contrast, the apparatus of the present invention produces 

35 its visible and audible effects in a manner that is intrinsically dependent on the "host" program. Moreover, it 
acts as an interface between the computer and the external memory in order to prevent access to the 
external memory when it wants to present its own program to the computer instead. 

Conventional interrupl-controlled devices are activated entirely independently of the program that is 
running. In contrast, apparatus constructed in accordance with the present invention is activated upon 

40 detection of the exact address of a particular piece of program being accessed, it then makes changes to 
the computer's internal memory to affect the way the program works. This is not needed in conventional 
usage because it is easier for the original programmer tc make the change before the external men-cry :s 
produced. 

In Figure 6. the device 70 is an interface between a games computer (via edge connector 7i) and a 
J5 plug-in game cartridge external memory (via edge connector 72). 

The aodress comparator circuit 73 compares the value of the address bus 74 with a preset value, in this 
case a value supplied on a bus 75 from registers 1 and 2. 

When the compared values are different (i.e. normally), the computer accesses the external memory 
unhindered. 

50 When the compared values are equal (i.e. the program is at the correct stage for the device to 
interrupt), an output signal is sent on control line A to a switch circuit 76. which in a practical embodiment 
may be a semiconductor device. 

This has the effect of connecting the output enable line 80 from the computer through the switch 76 
and alternative output enable line 81 to the device's internal ROM 77 instead of connecting the output 
55 enable line 80 to the external memory edge connector 72 through the extension 80a. At this point the 
computer starts addressing the ROM 77 instead of the external memory. 

The ROM 77 can then make changes to the RAM and other registers housed m the computer (or in the 
interface 70) to effect changes in the way the program operates. 
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5 been'^adT''" """""" " °" ""^^^""^ '^'"^^""^ ''-""^^ c^-ges that have 

external memory programs (games) are running on a computer, they constantly use the 
tvoTcat , hT" ' =^3"9e. These alues ire 

'0 of the ROM 77 " h "'h "^^ "^^^^"^ '•^^ • 0^ 'f^e programmer 

'0 of the ROM 77 - can change these values in response to reaching a particular point in the program 

an int'errcfno'devirt ' 7 ^""1= "^^'^ '^^ P'^"' ^''^^ Perspective views of another embodiment of 
an .n terfacmg dev.ce according to the invention. These Figures show the best mode contemplated bv the 

TbovTa cal'r ;' :V"""'"" r ''^ "'"P--- - embodiments d'sc Jed 
above, a case i of which one end 2 is intended to fit viih-n c -a^=..v,rc — • v 

cartridge having a read-only memory or ROM. 

in,J.HnnT '''' embodiments described above, a printed circuit board 4 that carries 

nterfacng circuitry, the board 4 being provided at each end thereof w.th suitable end connectors enabling 

.0 r^maTmemory.""" '° '""''"^ '^^ ^ames console and Ihe 

rest TRrovidpr°?H^°' ^'o';'? '^""^"'"^ construction (as v,ewed from above) has a concave thumb 
in sulh a mrnn. '"^ ^ " ^'^^^^^ "^^^'^ connec-able ,0 .he interfacing device 

TR formed on L ''^ " "'^'^ °' res 

2S exl naTdata stlrLp m h'" ° ^" ^"^"^'^ °' '"'^^'^^^^ device and the 

ZZTf T conveniently be grasped wi.t, a thumb engaging the thumb rest 7R and 

rcrpuTergTm^erir:" " "'^ ~ - ---'^ '° - - 

abouMn'h/'^ a perspective view showing a "game X". w.hich can be any conventional game cartridge 
.0 thP i > "^^""'"^^ ""'^ ^="rd'"g to the invention. Figure 7e shows the game cartridge and 

inserted into a games machine, for example a Nintendo machine. As noted above the assembly is 

machinp ?r^r The assembly is inserted and appears then as in Figure 7g. w„h the lid of the names 
3S m V T T '''' P'«^«"'^ game cartridge from being inserted 

Inw^rtH ; 1 ' °' '''' ^"'^ -^^^"y ''^ ^ "°'<^^ N -^"^^ catch against the 

lower edge of the entry port of the games machine. 

The printed circuit board 4 is thicker than normal, to allow the edge connector to make good contact 
(by a wedging effect) with the games machine connector without the need for the interface to be pushed 

.n tlZlIn- """^^^io" ^' interface to the processing unit can be effected 
'0 by a rectilinear movement. This enables the un.t to be made smaller and more elegant 

The circuitry incorporated in the device of Figures 7a to 7g is illustrated in Figures 8a to,8r Tho 

vZTl r"^H ^P^^^'"^" '^"'^^ ' ' latch-setting mode.' w;erein 

values for the address comparison, data comparison, and data replacement functions are set by the user 
Mode 2 ,s an active mode, very similar to the operation of the embodiments described above, wherein the 
s address comparators (as well as data comparators) send a signal to a data replacement unit to effect a 
replacement of the data when the conditions for data replacement are met. 

The selection of modes is made over line 102 from the control latch 103. A CE line 92 that comes from 
the computer edge connector 71 is connected to the CE selector 90 which is controlled by line 102 In 
conventional structures, the line 92 would normally connect directly to the external memory, allowing it to 
^^'^ '"'^■■■^^"e requests from the video games machine. In the circuit of Figure 8a. the signal on 
the line 92 ,s passed either to the external memory 93 via a CS' line 94 or to an interface ROM 96 via a 
nn*. '='ep^"d'"9 0" the State of line 102. In this way. either the external memory 93 or the interface 

ROM 98 IS made active. The circuitry also has a power-on circuit lOO. which ensures that the line 102 from 
the control latch is set to the latch setting mode when the power is first turned on 



MODE I: LATCH-SETTING MODE 
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The purpose of this mode is to allow the user to select the address comparison data and replacement 
data. The program in the ROM 96 is designed in such a way that it will accept input from the normal game 
control pad. operated by the user, and use it to move an on-screen pointer around the screen. Also, on the 
screen there are 16 different letters (which represent values). The user can move the pointer to any of these 

5 letters and select them using a button on the game control pad. By repeating this process the user can 
enter this data to represent addresses, comparison data bytes and replacement data bytes, as well as 
function enable.-disabte information. When the user presses the start button on the game controller, the 
software stores the data entered by the user in the latches in each of the comparison/replacement units 1 . 2 
and 3 as well as in a control latch 103. 

fo It then sets bit 0 in the control latch 103 which alters the state of 'he mode select line 102 thereby 
switching the device to the active mode by changing the state of the CE selector 90 to its other position, 
conditionally enabling replacement units 1. 2 and 3. 



/5 MODE II: ACTIVE MODE 

In this mode, the external memory has control of the CPU and the game will function normally, witn the 
exception of any data replacement operations performed by the interface. The comparison/replacement 
units are now active, provided that the appropriate bit in the control latch has been set to enable them. 
20 The structure illustrated in Figures 8a. 3b and 8c includes an address bus i04 connected to 
comparison'replacement units l. 2 and 3 and a data bus lQ5 connected to the same units. At the left of 
Figure Sa, the address and data buses connect to the games machine, and at the right to the game 
cartridge that is currently in use. In addition, a read/write line 106 is connected to the 
comparison/replacement units l, 2 and 3. to the ROM 96 and to the video games machine and the 
25 particular game cartridge in use. The chip enable line 92 is connected to the chip enable or CE selector 90 
as described before and also the comparison/replacement units 1. 2 and 3. 

The address and data buses 104.105 are also connected to the ROM 96. and the address bus 104 is 
connected to a register address decoder 107. The latter produces four outputs which go respectively to 
inputs R.SEL 0....3 of each of the comapnson/replacement units 1. 2 and 3. As Figure Sc shows, the latter 
30 input goes to a replacement data latch 0-7. a comparison data latch 0-7, a companson address latch 0-7. 
and a comparison address latch 8-14. 

The data bus 105 also connects to the control latch 103, which produces the output on the line 102 to 
the CE selector, as noted above. The output on the line 102 also goes to the register address decoder 107 
and to an output to Figure 8b labelled G.CCNT (graphics control). 
35 The control latch 103 produces an output to an input labelled R.EN on each of the 
comparison/replacement units I. 2 and 3 and an output to an input labelled DC. EN on each of the 
comparison/replacement units 1. 2 and 3. 

Each of the comparisoareplacement units l. 2 and 3 produces an output on a terminal labelled REP 
("replace") which is supplied to the CE selector 90. 
40 In Figure 8b. the graphics address 0-12 bus is connected to a graphics generator l lO. which produces 
*■ an output to a graphic output buffer m. A device selector n2 receives inputs from the G.CONT terminal 
. and from a G CE terminal and produces outputs to the graphic output buffer 1 1 1 and the G CE terminal of 
■ the game cartridge. The graphics line G WE ana G OE connect through Figure 8b from the games machine 
to the game cartridge in use. 
45 In Figure 8c. the replacement data latch 0-7 connects to an 8 bit buffer 115. An 3-bit ccmparatcr n6 
receives comparison inputs from the data line DO-7 and the comparison data latch 0-7 and produces an 
output signal to a control 117 when the inputs are equal. A fifteen bit comparator 118 receives at one input 
an output from the comparison address latch 0-7 and an output from the comparison address latch 3-14 
and at the other input data from the address line 0-14. it produces a control output to the control 1 17 when 
50 the inputs are equal. The control 1 17 also receives signals from the R.EN. Read Write, chip enable. DC. EN 
and F.EN terminals. Its output controls the 8-bit buffer 1 15 and is also fed to the output terminal REP. 

The graphics generator i lO and the graphics output buffer ill are shown in greater detail in Figure 9a. 
A conventional graphics generator usually generates its screen display using data read out from a 
graphics ROM. This data defines the bit patterns that form the characters shapes to be displayed on the 
55 screen. The screen is divided up into a plurality of character-sized areas (squares or rectangles) - character 
cells • each 8x8 pixels m sue. Each such pixel is defined by two bits in memory, representing one of four 
colours and the graphics ROM usually has a minimum size of Sk Dytes giving 5i2 different character cell 
cehniiions. as would be needed for a normal game. This memory size enables the system to generate 
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detailed, colourful and varied displays. 

but ''^^^f '«''='^-5e«'"g '^06e. the Interfacing device uses the screen for display purposes. 

ust-sXVbira'^dr^^^^^^^^^^ '^^ P'^ver can make a se.ecL to se. 

5 norn^H t^hl '1^'"'^' '"^ ""^ other letters. Accordingly. ,he graphics generator 110 does 

5 not need to have the storage capability of a conventional graphics generator you 

oranhf/rSoM^ ''T^ ' '° ^"'^P"^" ' circuit which, in effect, emula.es a 

graph.cs ROM contammg suteen different character cell definitions, as represented -n Figure 9b 

..JlZ ^"^^ """^ 'y^'"'" s^*^ 9'0"P by ^ pixels is 

ro reqt^red purposes ""'"^ '"^''''^^^''y selectable) it is perfectly acceptable for .he 

In Figure 9a. a small logic circuit is added to the circuitry needed for the rest of the device The r.rcuit 

I T'^ fu ' ^"^ '° "^^ substantial cost and size of the seoarate ROM 

which would otherwise be required. 

„ pr^J^' ^""^ '''^ ^"''^^ ^' 9a .oge.ner function as a graphics 

»s ROM emulator circuit. ' 

In Figure 9a. the graphics generator 1 10 and graphics buffer output I n are of course the samo as ih- 
unils Shown schematically in Figure 8b. Figure 9a shows the mputs lo the graphics generator nO on lines 
^. 4. GA 5. GA 6 and GA 7 and outputs on lines GO 0. GO 1, GO 2. GO 3. GO 4 GO 5 GO 6 ind 
GO 7 plus a select input G. OE and C.CE'. 
20 The graphics generator 1 lO includes four AND gates Al.A2.A3.A4. two OR gates 01.02 and an inverter 
I. I the input GA 2 is high, the OR gate 01 is high only if the input GA 4 is high and the OR gate 02 is h.gh 
only It the input GA 5 is high. On the other hand, if GA 2 is low. then the OR gate 01 is high only if GA 6 .s 
high and the OR gate 02 is high only if GA 7 is high. 

Oh ,hl! °' '"ir"'"""''''' ^'^^'^ '° P^o<^^« the IS character bit patterns represented n Figure 

2S 9b. these patterns being numbered respectively 0-15. Since 4 ,x 4 pixels are addressed as a unit ihere 's a 

sacnfice of resolution, as indicated above, but. for reasons also indicated above, it is of no -articular 

consequence. In Figure 9b (and also in the output portion of Rgure 9c), a space that is net blackened 

corresponds to "O", and a space that is blackened corresponds to "r. 

Figure 9c is a truth table showing the address lines in a logical order and the .lata values they oroduce 
30 to generate the 16 character cell definitions. 

The operation of the circuitry of Figures 8 and 9 will now be described in connection with the flow chart 
of Figure 10. 

Figures tOa. 10b and 10c when taken together form a flowchart showing the operation of tho r^-.jitry 
Figures 8 and 9. When power is turned on as indicated at step 20i in Figure lOa. the process' moves to 

'"^ '^'•^'^ '^^'^'"'^ '° ^ '"^'"^ the CE selector 90 so as to erable ihe 

ROM 96 on line CE 98. The process then moves to step 203. wherein the ROM 96 begins exe-'ion and 
the screen m accordance with the invention appears on the display screen on which ihe game is di'^layo.l 

At step 204, the program in the ROM determines whether the user has pressed a button on th- control 
pad. If the user has not pressed such a button, the program loops back and makes the determination 
-0 repeatedly until it is found that the user has pressed a button on the control pad. When the a"i:malive 
determination is made, Ihe program moves to step 205. wherein a determination is mad-^ //-o'hpr = 
movement button has been pressed by the user. If so. then at step 206 the program moves the CL-or lo a 
new letter and then reverts to step 204. If .-lo movement button has been pressed, the program d9-=rmines 
whether a fire button has been pressed by the user. If so. the program causes disolay of the lof-- unr^P- 
*s the cursor on the screen as a selected letter and then loops back to step 204. If the fire button is .-ct found 
to have been pressed, the program determines at step 209 whether the start button has been pressed, if 
not. the program loops back to step 204. 

When the start button has been pressed, then, as Figure lOb shows, .he program converts the -eleciec 
letters (if any) .o hexadecimal values which represent data .o be stored in the latches. At step 211. ihe 
so program then stores hexadecimal values in latches corresponding to the addresses, data replacemont 
values, and data compare values (if any). Then, at step 212. a program is transferred to the control deck s 
internal RAM. At Step 213. control is passed lo the program in the RAM. 

At step 214. the program internal memory stores a value in the ccntrol latch with the CE selector bit set 
so as to enable the external memory on the line CE' 94 (Figure 8a) and conditionally enable the 
55 replacement umis and disable graphic emulation. At steo 2iS. control is passed to the reset address of me 
external memory and. at step 2i6. the game program begins execution 

At steo 217. the device determines whether the game control is requesting a read from the external 
memory. II not. it looos back until an affirmative determination is mace When an a*'''m^-'v,-. 
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is made, the device determines whether the value of the address bus corresponds to the address stored in 
one of the comparison/replacement units 1, 2 and 3. If not. the process loops back to step 21 7. When an 
affirmative determination is made, the process advances to step 2l9.(Fi9ure 10c). . 

At Step 219. a determination is made whether th^e corresponding comparison/replacement function is 
enabled. If not. the process loops back to step 217. When it is found at step 219 that the corresponding 
comparison/ replacement function is enabled, then, at step 220. a determination is made whether the 
corresponding data comparison function is enabled. If it is determined that the function has been enabled, 
the process advances to step 221. where a determination is made whether the value of the data bus 
corresponds to the comparison data stored in :he corresponding address/comparison unit. If no such 
correspondence is found, the process loops back to step 217. 

If at step 220 the corresponding data comparison function is not enabled, or if at step 221 the value of 
the data bus is found to correspond to the comparison data stored in the corresponding data/comparison 
latch, the process moves to step 222. At step 222. the external memory is prevented from outputting data 
by setting the CE selector to disable the line CE'94 (Figure 3a) via the lerminal flef. Then, at step 223. the 
corresponding comparisonyreplacement unit is set to output the data stored in its data replacement iatch to 
the data bus. 

At step 225. a determination is made whether the read cycle is finished. If not. the process stays in the 
loop at step 225 until it is determined that the read cycle is finished. When the read cycle is finished, the 
process advances to step 226. At step 226, the corresponding comparison/replacement unit is prevented 
from outputting data. Then, at step 227. the external memory is re-enabled by enabling the line CE 94 
(Figure 8a). The process then loops back to step 21 7 in Figure lOb. 

The versatility of the described interfacing devices is demonstrated by short extracts from typical 
computer games programs given in Examples I and II below. 

In these Examples, the four-digit numbers (e.g. 3000) appearing in the left-hand column are coded 
addresses: they are followed by coded instructions (e.g. DEC 1 000) from the addressed storage location of 
the external memory, tn fact, in the Examples given, each instruction consists of two or three bytes. An 
explanation of the function of each instruction is given in the right-hand column. 



EXAMPLE I 

This section of program causes a playing unit. e.g. a plane or car. to move at a particular speed. 



ADDRESS 



INSTRUCTION 



EXPLANATION 



3000 
3003 
3005 

3007 
300A 
300O 



DEC 1000 
BNE 300D 
LDA 50 

STA 1000 

JSR "MOVE 
UNIT" 
JMP 3000 



This reduces the content of address 1000 by l 

(e.g. a value 28 changes to 27) 

If the value of the last step is not zero the program 

returns to address 3000 

This puts value 50 (from the storage location 

corresponding to address 3006) into a variable 

"A". 

This puts the value of variable A (i.e. 50) into 
address 1000. 

Calls up subroutine "MOVE UNIT" which causes 
the unit to move. 

The section of the program set out above is 
repeated 



This section of programme causes the subroutine "MOVE UNIT" to be executed when the program 
steps corresponding to addresses 3000 to 3003 have been executed 50 times. 

If. therefore, the interfacing device sets the selected address at 3006. and sets the selected data value 
at 10. then the value 50. in variable "A" in the processor, (the value in the corresponding storage location of 
the memory) is replaced by the user-selected value (10 in this example). This would cause sub-routine 
"MOVE UNIT" to be executed when the program steps corresponding to addresses 3000 to 3003 have 
been executed 10 times instead of 50 times. 

Conseaueniiy the oiayinq unit would be ca'jsed to move mere Quickly 
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EXAMPLE II , 



In this game, a player is required to complete a given number of laps of a track. 



ADDRESS 




EXPLANATION 


2000 


INC 1200 (LAP 


This increments the content of address 1200 by one (increasing 


2002 


COUNT) 


the lap count by one every time a player completes a lap.) 


LDA 1200 


This puts the content of address 1200 into variable A (i.e. it puts 






the current lap count into variable "A") 


2004 


CMP 3 {LAP 3?) 


This compares the last value of the lap count with 3 (the value 


2006 


BNE 200A 


derived Irom the storage location corresponding to address 2005) 


If the answer is no (i.e. the comparison shows an inequality), then 






the program goes *o 200 A; cther-.vise '* '-'cntirues on. 


2008 


JMP "RACE" ■ 


This causes a jump to the "RACE COMPLETE" part of the 




COMPLETE" 


program. 



The number of laps required to be completed by the player is set at the value 3 derived from the 
addressed storage location of the memory. If. therefore, the interfacing device sets the selected address at 
2005. and sets the selected data value at 7. say. then the value 3 in variable A in the processor (the value 
derived from the memory) is replaced by the selected value. 7 in this example. 

This requires the player to complete 7 instead of 3 laos. thereby increasing the difficulty of the game. 

Clearly, these examples are merely illustrative of the many different modifications which could be 
effected using the interfacing device of the invention. The examples given effect a change of a single byte 
in a data table so as to change selected game variables such as screen colour, sound volume, number of 
players, number of laps, time intervals etc. 

However, changes could alternatively, or additionally, be made to the instructions themselves: e.g. to 
change an instruction to increase a value to an instruction, to decrease a value, to change an instruction to 
perform a particular task to one which requires no action, to change a branch instruction. (8EQ to BNE. say) 
and so on. 

Although the described embodiments enable recognition of a single address and substitution of data 
corresponding thereto, the invention also embraces recognition of two or more different addresses and 
substitution of the respective data corresponding thereto. 

Also, although the specific embodiments relate to a detachable interfacing device, the device can 
alternatively be incorporated into the processing unit as an integral part thereof. 



Claims 

1. An interfacing device for connecting a processing unit of a computer games system to an external 
data storage medium so as to enable the processing unit to address, and receive data from, different 
storage locations in the external data storage medium, said interfacing device comprising means responsive 
to the processing unit for recognition of a selected address and means for modification of data prccessed 
by the processing unit in response to said recognition. 

2. An interfacing device as claimed in claim i, wherein said recognition means includes means for 
comparing the selected address with an address from the processing unit and said modification means 
effects the modification if the compared addresses are the same. 

3. An interfacing device as claimed in claim i or claim 2. wherem the selected address is either an 
address selected by the user or a preselected address. 

4. An interfacing device as claimed in claim 3. wherein the selected address is an address selected by 
the user and the modification means compnses user-ocerable selection m.?ans for generating a first signal 
and a second signal representing the selected address and user-selected data respectively, means for 
comparing the selected address represented by the first signal with an address from the processing unit, 
and means for supplying the user-selected data to the orocessing unit m substitution for the data in the 
addressed storage locatron of the external data storage medium, if the compared addresses are the same. 

5. An interfacing device as claimed in claim 4. wheretn the data supplying means is a semiconductor 
Switchirq device reS0Cnc,ve to an output 'r-?*" *^>9 ':nmr-'*-^'^ rr^aa--? 
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6. An inierfacing device as claimed in claim 4. wherein the user-operable selection means comprises a 
first plurality of user-operable switching devices for setting the selected address and a second plurality of 
user-operable switching devices for setting the user-selected data. 

7. An interfacing device as claimed in claim 6, wherein the switching devices are user-operable rotary 
switches. 

a. An interfacing device according to claim 7. wherein the rotary switches are 16-position rotary 
switches. 

9. An interfacing device according to claim 6. wherein the first plurality is four and the second plurality 
is two. 

to. An interfacing device as claimed in claim l, wherein the modification means comprises means for 
generating a first signal representing a selected address, a second signal representing data stored at said 
selected address in the external data storage medium, and a third signal representing selected data, means 
for comparing the selected address represented by the first signal with an address from the processing unit, 
means for comparing the data represented by the second signal with actual data at the selected address 
anC means for supplying the selected aaia representea oy me thira signal lo tne processing unit, in 
substitution for the actual data, if both the compared addresses and the compared data are the same. 

11. An interfacing device as claimed in any one of claims l to lO wherein the modification means 
effects the modification in response to recognition of an address den.-.d from a plurality of preselected 
addresses in dependence on identification data from the external data storage medium. 

12. An interfacing device as claimed in claim 1 1, wherein the recogniiion means includes a memory for 
storing said plurality of preselected addresses together with a corresponding plurality of preselected data, 
and means for comparing said derived address with an address from the processing unit, and said 
modification means includes means for supplying to the processing unit the preselected data, correspond- 
ing to the derived address, in substitution for the data in the address storage location of the external data 
storage medium, if the compared addresses are the same. 

13. An interfacing device as claimed in claim 12. wherein the preselected data, corresponding to one or 
more of said preselected addresses, has more than one user-selectable value, and including user-operable 
means to select one of the user-selectable values. 

14. An interfacing device according to claim 1. wherein the modification means effects a modification in 
response to recognition of any one of two or more selected addresses from the processing unit. 

15. An interfacing device as claimed in claim l. wherein the modification means comprises a read-only 
memory, the processing unit includes an internal memory, and the modification means interrupts the 
processing unit in response to said recognition and banks data from said read-only memory into said 
processing unit in order to modify said internal memory. 

16. An interfacing device as claimed in claim 15. wherein said address is either user-selected or is 
preset in said recognition means. 

17. An interfacing device as claimed in claim 15 or claim 16. wherein said recognition means compnses 
bus means connected to said processing unit, register means, and comparator means connected to said 
bus means and said register means, said register means being adapted to store a value corresponding to 
said selected address and said comparator means producing an output indicative of correspondence 
between an address on said bus means and said stored value. 

18. An interfacing device as claim.ed m claim 15. wherein said modification means compnses switch 
means responsive to said output from said comparator means for enabling access by said processing unit 
to data in said read-only memory. 

19. An inierfacing device as claimed in claim 18. wherein said switch means comprises a semiconduc- 
tor device. 

20. An interfacing device as claimed in any one of claims l to 19, further comprising case means 
containing said recognition means and said modification means, said case means including a handle 
portion. 

21. An interfacing device as claimed m claim 20. said external data storage medium being connectable 
thereto in such a manner as to be positioned underneath said handle portion, and said handle portion being 
lormed with a thumb rest protruding from an upper portion thereof satd thumb rest being formed with a 
concave portion for accommodating the thumb of a user, wheretsy an assembly of said interfacing device 
and said external data storage medium can conveniently be grasped with a thumb engaging said thumb 
rest and fingers engaging said external data storage medium for connection of said assembly to said 
processing unit of said computer games system. 

22. An inierfacing device as claimed m claim 21. wherein the protruding thumb rest prevents connection 
of said assembly to said processing unit in an upside-down relation. 
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23. An interfacing device as claimed in claim 21. wherein the recognition means and the modification 
means are incorporated in a printed circuit board that has sufficient thickness that said connection of said 
assembly to said processing unit of said computer games system can be effected with movement that is 
rectilinear 

5 24. An interfacing device according to claim 1 that operates in a latch-setting mode wherein a user can 
predetermine said selected address and a characteristic of said modification of data and in an active mode 
wherein said recognition means recognize said selected address and said modification means effects said 
modification of data in response to said recognition. 

25. An interfacing device according to claim 24. further comprising a display screen comprising a 
to plurality of character ceils each measunng a plurality of pixels in each of r^vo mutually onhogonal directions. 

26. An interfacing device according ;o claim 25. wherein at least in the latch-setting mode, a plurality of 
pixels in each ceil are controlled as a unit. 

27. An interfacing device according to claim 26. wherein at least, in said latch-setting mode, said 
display screen presents a graphic display and further compnstng graphic generating means for generating 

^5 saio grapmc atspiay. 

28. An interfacing device accorcing to claim 27. wherein said graphic generating means compnses a 
plurality of gate means responsive to gracnic accress signals and a grapnic output buffer responsive to said 
gate means and proaucing graphic data cutouts that control said pixels, whereby said graphics display is 
generated without the provision of a read-only memory. 

20 29. A computer games^ system comprising a processing -jnit. an external data storage medium, and an 
interfacing device as claimed in any one of claims i to 29 fcr interconnecting the prccessing unit and :he 
external data storage medium. 

30. A method of playing a comouter game using a comcu:er games system having a prccessing unit 
and an external data storage medium, comprising the steps cf comoanng an accress from the processing 

25 unit with a selected aacress and modifying cata processed by the processing unit whenever the compared 
addresses are the same. 

31. A method as claimed m claim 30. wherein said address is either selected by a player of the game 
or is presettable. 

32. A method as claimed in claim 30 or claim 31, wherem^the modification of data processed by the, 
30 processing unit comprises the step of modifying data supplied :o the processing unit from the external data 

storage medium. 

33. A method as claimed in claim 30 cr claim 31. wherein the prccessing unit includes an internal 
memory and the modification of data processed by the processing unit compnses the step of supplying to 
said processing unit data from a source external to both the external data storage medium and' the 

15 processing unit in order to modify said internal memory. 



40 



^5 



50 



55 



EP 0 402 067 A2 




EP 0 402 067 A2 



MAIN 
ADDRESS 
BUS 



T 



MAIN 
cm BUS 



15 



) r 



-J 



ADDRESS 
COMPARISON 
CIRCUIT 



13, 



SUBSIDIARY 
ADDRESS 
BUS 



SUBSIDIARY 
DATA BUS 




FigZ 



EP 0 402 067 A2 



12 11 



9^ 



^ 


DATA BUS 






ADDRESS BUS 






DATA REQUEST 


-1 1 



22^ 



13<. 



21- 



fc: .01 



J = ,05 

J= ^07 



Aj 

A] 
' . A 2 
;==^A3. 



J = A7 
js-'aF 



JET A9 

All ^ 



;i=i A12 



AO 



'= AK 



15 







< -' 














43 ?=] 








L 



2i*(1) 



A4 



□ 



A5 



a 



A6 



A7 



2^(2) 



Au 



J 



Fig J (a)/. 




16 



T 



AS 



A9 



AXD 



I An 



A12 



A13 



AU 






EP 0 402 067 A2 



18 



7 



02 



01 



□ 23(n 



□ 
□ 



I 



DA 



a 

□ 2312} 



□ 



.07 



OS 



\ M 



Z] " 



77 



■J- 

7" 



Fig.3(a)ii. 



EP 0 402 067 A2 



2-^ 



_ 1. 


1 1 

















FigA(a). 




Fig Mb). 




EP 0 402 067 A2 



COMPUTER EDGE CONNECTOfi 



OUTPUT 
'ENABLE 



a 



REGISTER 



80 



DATA 
BUS^ 



LC 



11 



REGISTER 
2 



REGISTER 



REGISTER 
4 



70 



77- 



INTERFACE 
PROGRAM 
ROM 



75^ 




SWITCH 



73' 



ADDRESS 
\COMPARATOR\ 



CONTROL LINE B 



dOo" 



'^CONTROL LINE A 



81 



1 



DATA 
BUS' 



ALTERNATIVE OUTPUT ENABLE 
^OUTPUT ENABLE ADDRESS 

BUS 

CONT ROL*POWER LINES ^72 



7i 



EXTERNAL MEMORY EDGE CONNECTOR 



Fig.6. 



EP 0 402 067 A2 




EP 0 402 067 A2 




EP 0 402 067 A2 







Fig. 7(f). 



I '1 

>M 1. 


t 


LiiiU^ 

■ 1 







Fig. 7(g). 



EP 0 402 067 A2 



A0..WNb 



CE(N) 



71 



- 10L 



T 



CE 92 



T 



106- 



105' 



.90 



R/W > <T^H 



REP 




00. 7 X^Mj'C 



REP 



<DCEN 



At 



R/W > <7£}V 



ceTrep 



<^OCEN 




AQ..1L > 



Fig.d(a)i 



CE 

SELECTOR 
J 



I 



/ 



EP 0 402 067 A2 



□ 

j 

i 

h 



g 



CE' 9L 



CE" 98^ 



107 



ROM 



103 



-I 



96 



PROCfWi 
LINES 



CCONQ 



100 



CON'T 
FlC8(bJ 



EXTERNAL 
MEMORY 

93 



PCMER 'ON' 
RESET GENERATOR 



Fig. 8 (a J //. 



EP 0 402 067 A2 




EP 0 402 067 A2 




EP 0 402 067 A2 







(-0 



Uj — 



Q Q Q Q C::! Q Q 



EP 0 402 067 A2 



201 

) ^ POWER ON ) 

'''^ t 

CONTROL LATCH DEFAULTS TO A VALUE 
WHICH SETS CE SELECTOR SO AS TO ENABLE 
ROM (CE' V 



ROM BEGINS EXECUTION 
AND THE SCREEN APPEARS 




YES 



0 



F/glOfa). 



EP 0 402 067 A2 



CONVERT THE SELECTED LETTERS (IF ANY) 
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